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Abstract 
In this paper novel design concepts for ohmic RF-MEMS switches based on piezoelectric and electrostatic actuation are 
presented. In contrast to traditional cantilever designs the proposed concepts are based on circular and ring shaped piezo actuators 
offering significant advantages especially in providing high contact forces. As a result of a parametric study optimized designs 
have been developed which can deliver more than 2 mN force at small device sizes of less than 0.08 mm². First actuator 
prototypes featuring 1 μm sputtered PZT films are currently being fabricated by means of MEMS technology. 
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1. Introduction 
Since the beginning of research within the field of MEMS based ohmic switches one of the key challenges has 
been the realization of high contact forces at minimized device size. High contact forces are not only required to 
achieve low contact resistances, but also allow the use of hard contact materials, resulting in improved switch 
reliability.  
While most research in the past was focused on electrostatically driven switches, several piezoelectric switches 
have been realized offering advantages of low driving voltages and reduced device dimensions [1-3]. However, 
most of these switches are based on traditional designs consisting of rather narrow cantilevers which are rigidly 
clamped at one or two sides. Albeit such structures are capable of delivering reasonable displacements, they only 
take advantage of the piezoelectrically induced stress in longitudinal direction without effectively using the 
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contraction in transverse direction. In order to use the full potential of the piezoelectric effect novel design concepts 
offering significant improvements in force generation have been developed. 
 
2. Design concept 
The proposed new design concepts are based on circular shaped piezoelectric unimorph actuators consisting of a 
passive layer and a PZT film sandwiched between two electrodes. In case of concept A the actuator is suspended on 
soft springs at the outer edge while the bottom contact is located in the center (see Fig. 1). In order to close the 
ohmic contact a voltage is applied so that the piezoelectric PZT layer underneath the passive layer contracts, 
resulting in a dome shaped actuator with increased stability. Due to the use of soft springs the energy stored in the 
anchoring is minimized, ensuring that more energy is available for generating contact force. Moreover, this 
configuration allows the outer actuator edge to touch the bottom substrate during on-state, stiffening the actuator and 
thus increasing the generated force. In order to inhibit temperature induced contact closing, an additional clamping 
electrode underneath the actuator is introduced to clamp the actuator electrostatically during off-state. Due to this 
downwards actuation the contact opening is accelerated, resulting in improved switching speed.  
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Fig. 1. Illustration of switch concept A with PZT underneath the passive layer: Actuator during off-state (left) and on-state (right) 
Fig. 2 illustrates concept B which is based on a ring shaped piezo actuator. In contrast to concept A the actuator is 
suspended on soft springs within the center hole whereas the contacts are arranged at the outer actuator edge. Since 
PZT is only able to contract in transverse piezoelectric mode, the PZT layer is located on top of the passive layer to 
achieve actuation in upwards direction. In on-state the actuator touches the bottom substrate and forms a very stable 
semi-spherical shape allowing the actuator to transfer high forces to the contacts. This configuration requires at least 
two opposing contact pairs in order to assure maximum contact forces and prevent the actuator from being tilted. 
Analogous to concept A the contact opening is enhanced by electrostatic clamping of the actuator ring. Since the 
actuator and substrate are in contact during on-state, the required voltage for electrostatic actuation is reduced 
significantly exploiting the zipper effect. 
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Fig. 2. Illustration of switch concept B with PZT on top of the passive layer: Actuator during off-state (left) and on-state (right) 
 
3. FEM modeling 
Within the scope of a parametric study several specific designs for various applications have been developed and 
investigated by means of Finite-Element-Modeling. With respect to the realization in MEMS technology 1.5 μm 
thick AlN and 1 μm PZT are used for the following considerations whereas thin electrode and isolation layers are 
mechanically neglected. 
Fig. 3a shows a design for a single pole single throw (SPST) switch based on concept A with a ring shaped piezo 
actuator containing several release holes. In order to minimize the influence on the deformation the actuator is 
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suspended on four flexible metal springs, allowing the actuator to become dome shaped during on-state. As a 
consequence the bottom contact shortens both top contacts, which are anchored within the center hole. Since the out 
of plane deflection is limited to the contact gap the outer actuator edge is pressed towards the substrate, enabling the 
device to generate very high contact forces of more than 2.5 mN (see Table 1). 
 
a) 
  
b) 
  
c) 
  
Fig. 3. Schematic (left) and corresponding FEM simulated displacement field in on-state (right) of design F1L (a), A4L (b) and B2L (c) 
An example for a design based on concept B is shown in Fig. 3b. In accordance with Fig. 2 the ring actuator is 
anchored by means of four springs within the center hole. Four contact pairs are arranged along the outer edge 
making this configuration well suited for double pole single throw (DPST) switches. In order to ensure a sufficient 
spacing between the high-k piezoelectric layer and the ohmic contact, the bottom contacts are located on four 
extended wings consisting of the low-k passive layer. In case of a symmetrical configuration all contacts are closed 
and opened simultaneously by piezoelectric and electrostatic actuation with an evenly distributed total contact force 
of more than 2 mN. Sequential switching can be achieved by modifying the contact position as well as the contact 
wings and actuator geometry. 
      
Table 1. Simulated contact forces in μN at 30 V as a function of contact gap for designs with different actuator diameters d 
Design 1 μm 2 μm 3 μm 10 μm 
F1L (d = 260 μm) 2620 1701 1115 0 
A4L (d = 260 μm) 2018 1525 775 0 
B2L (d = 260 μm) 1387 1007 736 258 
F1S (d = 160 μm) 1539 0 0 0 
A4S (d = 160 μm) 1354 721 336 0 
B2S (d = 160 μm) 909 560 376 0 
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In contrast to the previous examples the design shown in Fig. 3c features an asymmetric anchoring by means of 
three ridged springs suppressing the actuator deflection on one side. As a consequence the actuator forms a tilted 
dome shape with increased deflection during on-state, closing the two contact pairs at the free actuator edge. Since 
the out-of-plane deflection is limited to the contact gap, the actuator touches the substrate right after contact closing, 
which improves the force generation by shortening the leverage length. Due to this mechanical amplification the 
configuration is well-suited for SPST switches requiring large contact gaps (see Table 1). 
 
4. Fabrication 
Based on the results of the parametric study different optimized MEMS actuators with diameters between 
120 μm and 300 μm are fabricated using surface micromachining technology. Starting with oxidized 8 inch silicon 
wafers an isolated poly-Si clamping electrode is realized followed by the deposition of an amorphous silicon 
sacrificial layer and sputtered AlN as passive layer (see Fig. 4). Thereafter 1 μm piezoelectric PZT embedded 
between two metal electrodes is realized by means of magnetron sputtering. Subsequently the actuator stack is 
structured using dedicated wet and dry etching processes. Before the actuator is released by XeF2 gas phase etching, 
5 μm electroplated gold is applied forming the bottom contact as well as the springs for actuator anchoring. With 
respect to the realization of full functional ohmic RF switches an extended flow allowing the integration of different 
contact materials is available and currently under investigation. 
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Fig. 4. Simplified cross-section of MEMS actuators 
 
5. Conclusion 
Novel design concepts for piezoelectrially and electrostatically driven ohmic RF-MEMS switches have been 
investigated by means of FEM modeling. By optimizing the actuator geometry the proposed designs are capable of 
generating high contact forces of more than 2.5 mN at very small device size. First prototypes featuring 1 μm 
sputtered PZT and actuator diameters between 120 μm and 300 μm are currently being fabricated using surface 
micromachining technology. 
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